With the aid of Injection Moulding Machine (IMM) Palm fiber reinforced Acrylonitrile Butadiene Styrene (ABS) composites (PF-ABS) were prepared. Three sets of samples were prepared for three different wt% (5%, 10% and 20%) of fiber contents. Scanning Electron Microscopy (SEM), X-ray diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR) experiments were performed to study the surface morphology, microstructure (if it crystalline or noncrystalline) and new bond formation after preparation of the composites. SEM pattern shows that after addition of palm fiber in PF-ABS composites the brittleness increased due to creation of voids in the composites except 10% fiber content in PF-ABS. From XRD pattern it is clear that the palm fiber, ABS and PF-ABS composites are amorphous in nature. Moreover FTIR spectrum shows that there is no new bond formed after addition of palm fiber in ABS polymeric matrix to create PF-ABS composites.
Introduction
The use of natural plant fibres as reinforcement in polymer composites for making low cost engineering materials has generated much interest in recent years. New environmental legislation as well as consumer pressure has forced manufacturing industries (particularly automotive, construction and packaging) to search for new materials that can substitute for conventional non-renewable reinforcing materials such as glass fibre [1] . The natural fiber as reinforcement for composites has received increasing attention and polymer based composites having natural fiber as reinforcement have the potential to be attractive alternative to synthetic fiber composites. The advantages of natural plant fibres over traditional glass fibres are acceptable as good specific strengths and modulus, economical viability, low density, reduced tool wear, enhanced energy recovery, and reduced thermal and respiratory irritation and good biodegradability [2] . Natural plant fibre reinforced polymeric composite, also has some disadvantages such as the incompatibility between the hydrophilic natural fibres and hydrophobic thermoplastic and thermoset matrices requiring appropriate use of physical and chemical treatments to enhance the adhesion between fibre and the matrix [3] .
Cellulosic fibers, like palm, henequen, sisal, coir, jute, bamboo, wood, paper in their natural condition, as well as, several waste cellulosic products such as shell flour, wood flour and pulp have been used as reinforcement agents of different thermosetting and thermoplastic resins [4] . Among these fibers, palm fiber is one of particular interest because palm fiber (Palmyra Palm) grows plenty in Bangladesh and all over the world. The properties of natural fibers largely depend on the chemical composition of the fiber. Palm fiber consists of 38.4% α-cellulose, 30.9% hemicelullose, 27.3% lignin and 3% -5% other chemicals on dry basis [5] . Composites made of palm fibers have moderate tensile and flexural properties compared with other natural fibers.
ABS is an engineering thermoplastic which consists of an amorphous, heterophasic polymer with very good mechanical properties, especially high impact resistance [6] . ABS is made by polymerizing styrene and acrylonitrile in the presence of polybutadiene. The proportions of contents in ABS can vary from 15% to 35% acrylonitrile, 5% to 30% butadiene and 40% to 60% styrene. The nitrile groups from neighboring chains, being polar, attract each other and bind the chains together, making ABS stronger than pure polystyrene. The styrene gives the plastic a shiny, impervious surface. The butadiene, a rubbery substance, provides resilience even at low temperatures [7] . These polymers are of low cost and provide excellent mechanical properties [8] . On the other hand, the ABS limitations are: poor flame and chemical resistance, and low thermal stability [9] .
A large number of experiments have performed with natural fiber reinforced polymeric composites all over the world. Mohammad, N. N. B. et al. [10] carried out research on the morphological study of Kenaf fiber reinforced rPET/ABS composites. The distribution effects between rPET/ABS and kenaf were studied through morphological characterization by using SEM. The result showed that there was increasing of the brittleness of composites when higher percentage of fiber was introduced and kenaf was fully interpenetrated into the composites. Seung-Hwan Lee et al. [11] showed that fibers were pulled out from the matrix in the fracture process, with large voids thereby being created. This findings suggest that the interaction between matrix and filler was very weak, resulting in less interfacial adhesion. A. H. Bhuiyan et al. [12] observed from the SEM taken on the fractured surface of the sample that the amount of voids increased with the increase of filler content, which tends to decrease tensile strength, elongation at break. Moreover small particles are seen to disperse inhomogeneously in the matrix of the composite. While the surface of the composites shows a few cracks, terraces and voids, a considerable amount of voids appear in the composites including different fracture processes in the neat iPP and the composites.
Palm fiber would be a good reinforcing agent in ABS and will be a good area of research. With a view to change the mechanical and physical properties of the composites, PF-ABS composites were prepared for different wt (%) of PF in PF-ABS composites. Study of mechanical and physical properties of palm fiber reinforced ABS (PF-ABS) composites showed that tensile strength (TS) and flexural strength (FS) of the composites decreased with the addition of fiber content in the composites. On the other hand due to hydrophilic nature of the palm fiber, water absorption ability slightly increased with the increase of fiber content in the PF-ABS composites. Moreover water absorption ability became saturated after certain time [13] . In the present study the cause behind the decrement of TS and FS with the addition of fiber content in the PF-ABS composites would be carried out by investigating surface morphology using SEM and characterization of the structure using XRD and FTIR spectroscopy.
Materials and Methods

Sample Collection and Composite Preparation
Palm leaves of ten different aged trees (five of them are above 10 years and another five of them are below 10 years) were collected from Burura region of Comilla district. Dividing ends of the middle hard part of the leaves were hammered. Hard part of the leaves was immersed in water for 20 days to rotten. Rotten materials were cleaned and fiber were then separated, dried under sun light and kept at 100˚C for 24 hrs for partial removal of moisture. ABS was collected from local market of old Dhaka of Bangladesh. Palm fiber was cut to 1 -2 mm in sized. ABS and small palm fiber were dried in dryer at 50˚C for 24 hrs. Fined palm fiber and ABS polymer put into the injection moulding machine. This mixture was heated at 150˚C inside the injection molded machine and molten mixture become composite and come out of the IMM. This composite was poured into different shape of die for different test. Three sets of composites samples (with 5%, 10% and 20% fiber content) were prepared to carry out this research.
Characterization of PF-ABS Composite
Surface Morphology of PF-ABS Composite
To perform SEM, each sample was cut from the end of fracture surfaces with an appropriate size. The sample surface of the composites was coated with gold in agar auto sputter coater (Model 108A, England) before subjected to scanning electron microscope. The fiber matrix adhesion of the fracture surface of the composites was examined by Scanning Electron Microscope (Model: JEOL.JSM-6490 LA Analytical scanning electron microscope) [14] at a magnification of ×100, ×500 and ×1000 with a maximum operating voltage of 20 kV.
Structural Characterization of PF-ABS Composite
1) X-ray diffraction (XRD) analysis of PF-ABS composite
XRD studies of the neat ABS sample and PF-ABS composites for different wt (%) were performed by an X-ray diffractometer (Model: Bruker AXS D8 ADVANCE) using CuK α -radiataion of wavelength, 1.5418 λ = Å .
2) Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectra of the samples were recorded at room temperature by using a double beam IR spectrometer (SHIMADZU, FTIR-8900 spectrometer, Japan) in the wave number range of 625 -4000 cm −1
. In this experiment, the solid samples were finely pulverized with pure, dry KBr, the mixture is pressed in a hydraulic press to form a transparent pellet.
When the beam of light passes through the sample, it becomes less intense due to the absorption of certain frequencies. The absorbance of the sample at a particular frequency can be calculated as
Transmittance,
where I o and I are the intensity of beam before and after interaction. The FTIR spectrum of the sample pellet is recorded in transmittance (%) mode.
Result and Discussions
Surface Morphology of PF-ABS Composite
The morphological study of the PF-ABS composites carried out by SEM to determine the adhesion between fiber and ABS polymer, the reason of the mode or cause of failure and to correlate to the mechanical data. Scanning electron micrograph for different wt (%) of fiber in PF-ABS composites are shown in Figures 1-4 at a magnification of ×100, ×500 and ×1000 with a maximum operating voltage of 20 kV. Figure 1 represents the surface of ABS is smooth. When the magnification increased to ×500 & ×1000 times, few circular voids are observed (showing by red arrow) which imply that low adhesion of ABS polymeric material in IMM. The scanning electron micrograph of composite with 5% fiber shows (in Figure 2) that the composite surface is rough. When the magnification increased to ×500 and ×1000 times, number of circular voids increased. This may because the fibers may pull out when bending or fiber may contain little amount moisture content or air may be passed when palm fiber mixing with ABS in IMM. When heated in injection moulding machine, moisture content vaporized and create voids. Figure 3 provides that the scanning electron micrograph with 10% fiber in PF-ABS. It represents that the composite surface is comparatively smooth than the composite with 5% fiber. It also shows that fiber breakdown and it tightly attached to the polymer matrix, which means that comparatively strong adhesion between fiber and polymer matrix. This may slightly increased the strength of the composites. The area of the circular voids is comparatively small and surface become comparatively smooth. Moreover it is shown that the interfacial adhesions between fiber-matrix remain in good performance in 10% fiber in PF-ABS. The scanning electron micrograph of PF-ABS composite (shown in Figure 4 ) with 20% fiber shows that the composite surface is rougher. With the increase of fiber contents in the polymeric matrix, the number of voids increased, area of each void also increased. This means low adhesion between fiber and polymeric matrix, tends to decrease the strength of the composites.
The natural fiber has poor wettability, incompatibility with some polymeric matrices and high moisture absorption [15] . Due to high moisture absorption properties, there are formations of void in the composites which can reduce the mechanical properties of composite such as tensile and flexural strength [10] . With the increase of the fiber content in the PF-ABS composites, the number of void in the composite increased which makes the composites brittle. Brittle materials tend to show very low elongation because they do not plastically deformed. Increasing of the brittleness of samples is due to the formation of the void in the composite [10] . Moreover obvious cracked section propagates at composites surface, which indicates weak interfacial area between fiber-matrix [16] . Finally it can be obvious that the tensile strength (TS), flexural strength (FS), hardness of the composites decreased with the increase of fiber content except 10% fiber content due to the formation of voids, fiber pullout and the propagation of some crack section over the composites [11] [12] [17] .
Structural Characteristics of PF-ABS Composite
X-Ray Diffraction (XRD) Analysis of PF-ABS Composite
In XRD, the intensity of every component's pattern is proportional to the amount of the component present [18] . Figure 5 and Figure 6 show the XRD pattern of palm fiber, ABS polymer and PF-ABS composite having 5%, 10% and 20% fiber. It is seen from XRD spectrum of palm fiber, ABS polymer and PF-ABS composite, all of them give broad peaks, which imply that the PF-ABS composite including ABS polymer are amorphous in nature. The X-ray diffracted from ABS polymer resin in all cases is same also for fiber they diffracted for all sample in similar way. For this reason all spectra are more or less similar for the samples. There is no sharp peak which reveals non crystalline nature of the composites. Figures 7-9 presents the FTIR spectrum in the frequency range (625 -4000 cm 
Fourier Transform Infrared (FTIR) Spectroscopy
Conclusion
The scanning electron microscopy (SEM), X-ray diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR) experiments were performed to investigate the decrement nature of mechanical property like tensile strength, flexural strength and hardness due to addition of palm fiber in PF-ABS composites. The scanning elec- tron micrograph shows that with the addition of PF in ABS composites, the number of voids increased except 10% fiber content in PF-ABS. The area of voids also increased. Some cracks are found in SEM micrograph which reveals brittleness of composites. Fiber pulled out for 5% and 20% PF-ABS composites but for 10% fiber attached with composites due to better adhesion between PF-ABS composites. The XRD pattern and FTIR spectrum show that the composites are amorphous in nature and no new bond was formed.
